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ABSTRACT 
The  relative reactivity of var ious unsaturated f luorocarbon 
derivatives toward ces ium fluoride at t empera tu res  up to 200" is des-  
c r ibed  by the s e r i e s  CF3N=CF2 > CF2=CF2 > CF3CF=CF2 > CF2CFC1, 
CF2CF=CFCF2. Of these,  only CF3N=CF2 and CF3CF=CF2 gave products 
which could logically be  ascr ibed  to an  ionic mechanism.  
CF2=CCl2 >CFCl=CFCl  >CF,=CHF, (CF3)2C=CF2, C F ~ C F Z C F C F ~ ,  
1 
With mix tu res  of two compounds, the pa i r s  CF2=CCl2/CF3CF=CF2, 
C F  C1= C F  C1/CF3CF= CF2, CFC1= CF C1/CF3N= CF2, and CF2= CF2/ 
(CF3)2C=CF2 gave independent reaction of one compound. 
ence of a solvent, some  interaction between the two components was 
observed  in  the pa i r s  CF2=CF2/(CF3)2C=CF2 and CF2=CF2/CF3N=CF2, 
but the reactions were  low-yield and quite complex. Highly specific 
1: 1 interaction occur red  in the pa i r s  CF3CF=CF2/CF3N=CFZ, (CF3)2C= 
CFZ/CF3N=CF2, and (CF3)2C=CF2/CF3CF=CF2; excellent yields were  
obtained of products which all had s t ruc tu res  jus t  the r e v e r s e  of those 
expected. 
i s  indicated. 
In the p r e s -  
Thermodynamic rather  than kinetic control of such reactions 
Reaction of fluoroanions with inorganic fluorides such a s  SF4 and 
SOF2 was  successfully achieved and good yields of the 1:l  and 2 : l  adducts 
w e r e  obtained. 
sulfoxide because of a complicating reaction involving loss of an  oxygen 
a tom.  
preferent ia l ly  to carbon rather  than to sulfur, i n  c a s e s  where  compet- 
ing reactions a r e  possible. No reaction occur red  between CF3N=CF2 
and  SF4, but the azomethine reacted ve ry  well with cyanuric  fluoride 
to f o r m  the 1:1, 2:1, and 3 : l  adducts. 
The 2 : l  adduct with SOF2 was a sulfide r a the r  than a 
The  s t ruc tu res  of the adducts indicate that f luoride ion adds 
. INTRODUCTION 
1 
Alkali metal f luorides  a r e  known to catalyze a surpr i s ing  var ie ty  
of react ions of f luorocarbons and the i r  der ivat ives .  These  react ions 
have been used r a t h e r  empir ical ly  and information concerning s t e r i c  and 
electronic  effects is  v e r y  scanty. 
A general ized equation which desc r ibes  the reac t ions  of i n t e re s t  
t o  this  program is a s  follows: 
X Y  Y 
I I  I 
RF-MzN-Z t F- -. RF-%-SJ-F 
S Z  
A f luoride ion adds to the  positive end of a polar ized multiple bond, 
c rea t ing  a fluoroanion which can then undergo var ious  reac t ions  such as 
(1)  p-elimination of fluoride ion, resul t ing in  double bond migrat ion,  
(2)  a t tack of the anion on another molecule  of the  or iginal  compound, 
resul t ing in dimerizat ion and (by repeti t ion) polymerization, and (3 )  
at tack of the anion on a different molecule,  resul t ing in net perfluoro- 
alkylation of the second molecule. 
charged species  is  eliminated at some subsequent s tep  in  the last two 
react ions.  
F luor ide  ion o r  some  other  negatively 
No sys temat ic  study has been m a d e  of s t ruc tu ra l  effects i n  this 
general ized reaction, :g although it has  long been known that some fluoro- 
carbon olefins are  m o r e  reactive than o the r s  in re la ted  nucleophilic 
additions; the proclivity of olefins with l a r g e  numbers  of p-fluorine 
a toms  fo r  nucleophilic a t tack has  been ascr ibed  in  such compounds to 
negative hyper conjugation and resul tant  stabil ization of the carbanion 
f o rmed  . 
+ F- CF,=C-CF3 CF3-C-CF3 CF3-C=CF, F- , etc .  
I I 
CF3 CF3 LF3 
:g During the  course  of th i s  work, a Ph.D.  thes i s  a t  Cornel1 (M. 
Fra t ice l l i ,  author) has  descr ibed some s t ruc tu ra l  effects in  f luoride-  
olefin react ions in  solution. 
2 
It has  a lso been known that  the multiple bond need not be a carbon-carbon 
bond and that, in  fact ,  a multiple bond need not be present ;  a s t rong 
Lewis acid can accept  fluoride ion and can subsequently f o r m  a s table  
molecule  if i t  is capable of valence shell  expansion. 
of t hese  types a r e  shown below: 
Typical react ions 
R ~ C = O  t F- -+ R ~ C F ~ O -  
t F- + SF5- :12 SF5C1 t C1- SF4 
It can be seen  that  the availability of heteratomic nucleophiles 
such a s  those above might make possible the synthesis  of a g rea t  many 
different types of fluorocarbon der ivat ives .  
The objectives of this  program were  twofold: the first was to 
v a r y  in  stepwise fashion the atoms o r  groups surrounding the multiple 
bond and to observe  the effects of such var ia t ion on extent, r a t e ,  and 
type of reaction; the second was to uti l ize react ions employing fluoride 
ion ca ta lys i s  to p repa re  new types of fluorocarbon der ivat ives  with un- 
usual in te ra tomic  bonding. 
Both these  objectives were successful ly  achieved. This  field 
of study has  been, however, an ex t remely  act ive one in  f luorine chem- 
i s t r y  and unfortunately many of the r e su l t s  obtained h e r e  have been 
duplicated o r  approximated by other  worke r s  and have appeared in  pr int  
s ince the submission of this  proposal in Juiy 1965. 
DISCUSSION 
A. S t ruc tura l  Effects 
In o r d e r  to es tabl ish a comparat ive s e r i e s  of re la t ive  react ivi t ies ,  
each of the olefins given in Table I was heated under autogenous p r e s s u r e  
i n  a sma l l  Monel bomb with cesium fluoride under  the conditions shown. 
After  the heating, the  gas  was re turned  to the s a m e  volume and the drop 
i n  total  p r e s s u r e  was regarded as a m e a s u r e  of react ion.  A polar sol-  
vent was purposely omitted since i t  was f ea red  that  its presence  would 
so inc rease  the e a s e  of reaction that a comparat ive sca le  of react ivi ty  
could not be eas i ly  developed. 
since,  during the cour se  of this work, Miller’ repor ted  an  account of 
similar work using a polar solvent in which even branched chain, 
internal ly  unsaturated,and cyclic olefins were  condensed by ces ium 
flu0 r ide .  
This  apprehension was well founded 
3 
TABLE I 
a Relative Reactivity of Fluoroolefins Toward Cesium Fluoride 
%Unrecovered after 12 h r s  at % c1- 
Olefin 100 O 150 O 200 O ( 12 hr s/200 ") Product  
CFz=CF2 7 8  High polymer 
CF,CF=CF2 20 Linear  d i m e r  
CF2= C F  C1 
CF2= CC12 
7 50 - 60 10 Polymers ,  
cyclic d imer  
8 50-60 23 T a r ,  cyclic 
d imer  
C F  C1= C F  C1 0 5 2 T a r  
Linear  d i m e r  
a 
The  following showed <570 reaction after 12 hr/20Oo: CFz=CHF, 
(CF3)2C=CF2, CF3CF=CFCF3, - c - C ~ F ~ .  
After 12 hr/50 " ,  
On the bas is  of the resu l t s  shown in Table  I, t h r e e  general  c l a s ses  
of reactivity can be distinguished. The first group, which produced 
acycl ic  d imers ,  included CF3X=CF2 and CF3CF=GFz, the  forrr,er beir,g 
overwhelmingly the m o s t  reactive compound tes ted.  
products which could c lear ly  be ascr ibed  to  an  anionic mechanism.  
second group, which gave t a r s  and polymers ,  was  composed of those 
olefins commonly regarded a s  highly reactive in f ree  radical  react ions 
- CF2=CFz, CFz=CFC1, and CF2=CC12 - and as might  be expected 
C2F4 was by far the  m o s t  reactive of these.  
f r o m  C2F4 and f r o m  CF2=CFC1, but these  m a y  have been formed by a 
free radical rather than by an  ionic mechanism. In addition, v e r y  small 
amounts of cyclodimerization products w e r e  formed by CF2=CFC1 and 
CF2=CC12, and these two olefins exhibited considerable halogen exchange 
with the ces ium fluoride.  The third group, which all showed less than 
570 reaction after twelve hours  at 200 O ,  included CF2=CHF, (CF3)2C=CF2, 
CF3CF=CFCF3, CFCl=CFClj and - c- C4F6. 
Only these  two gave 
The  
High polymers  were  obtained 
4 
It i s  apparent that  under the t e s t  conditions t h r e e  requi rements  
m u s t  be fulfilled for  the occurrence of a fac i le  react ion involving a 
carbanion intermediate .  These a r e  ( 1 )  a te rmina l  CF, group, (2)  
absence  of appreciable s t e r i c  hindrance, and ( 3 )  capability for carbanion 
stabil ization. Lack of any one of these qualifications will prevent 
anionic self-condensation. 
( CF3),C=CF2, which was recovered unchanged af te r  extended react ion 
per iods a t  100 O and 200 ’. Both theoret ical  considerations and studies 
where  a solvent was present’’ indicate that  the (CF3)3C- anion is 
fo rmed  ve ry  readily.  
t ions,  where a subs t ra te  amenable to a t tack is lacking, mus t  be a s -  
c r ibed  to s t e r i c  hindrance which prevents a t tack of the carbanion on 
a second molecule of the o lef in .  
A case in  point i s  perfluoroisobutylene, 
The absence of react ion under the present  condi- 
B. Codimerization of Olefins 
When a mixture  of two olefins is heated with ces ium fluoride,  
s eve ra l  possibil i t ies for  reaction exis t .  
m a y  r eac t  independently, the two m a y  in te rac t  in a random fashion, 
o r  one m a y  r eac t  preferentially with the o ther .  
should depend not only on the reactivity of each olefin toward fluoride 
ion, but a l so  on i t s  react ivi ty  toward the carbanions der ived f r o m  itself  
and  f r o m  the other olefin. These fac tors  m a y  differ considerably; 
(CF3)ZC=CF2 is known to be very react ive toward nucleophiles and 
eas i ly  f o r m s  a carbanion with fluoride ion, ye t  Table  I shows that it 
does  not self-condense by reaction with its own carbanion, probably 
because of s t e r i c  hindrance.  Consequently, the r a t e  l imiting factor  
is  a p t  to be its reaction with substrate,  r a the r  than carbanion fo rma-  
tion. The tetrafluoroethylene anion, CZF, , cannot be stabil ized to 
nea r ly  a s  l a rge  a degree  by hyperconjugation and Graham4 has  found 
that  the r a t e  of self-condensation of CzF, in diglyme i n c r e a s e s  with in- 
c reas ing  amounts of ces ium fluoride; carbanion formation m a y  the re -  
f o r e  be the r a t e  l imiting factor i n  this  case .  
One o r  both of the olefins 
The actual resu l t s  
- 
At the s t a r t  of the present  work it was hoped that a general  pe r -  
fluorovinylation process  could be developed. This  would be a valuable 
synthetic adjunct, since perf  luo rovinylation with t r  ifluo r ovinyl l i thium 
h a s  many disadvantages.  Conceivably, this  resu l t  could be accomplished 
in  two ways. 
a perfluoroalkyl group. 
In one, a vinyl f luorine a tom of CZF4 would be replaced by 
CFZ=CFz 
CF3NzCFZ t F- -+(CF3)2N- -+ (CF3)2NCF=CFz t F- 
. In the second, a CFZClCFCl- group would be  introduced which 
could then be  dehalogenated to  give a te rmina l  olefin. 
F- R F  
CFCl=CFCl -+ CF2ClCFC1- + CFzClCFClR +CF2=CFR 
The first of these  would r equ i r e  that the te rmina l  olefin formed 
not be subject to rearrangement;  the carbanion (CF3),CF-, for  instance,  
would hypothetically give (CF3),CFCF= CF2, which would be  cer ta in  to 
r e a r r a n g e  to (CF3)2C=CFCF3. F o r  th i s  purpose,  therefore ,  (CF3)2C=CF2 
and CF3N=CF2 were  chosen since the i r  products would be incapable of 
rear rangement .  In the second method, success  would depend on effective 
carbanion formation f r o m  CFCl=CFCl, which i s  known to b e  a fa i r ly  un- 
react ive electrophile. 
Experimental  r e su l t s  showed that mixtures of a two-carbon 
olefin with a three-  o r  four-carbon olefin known to be  react ive toward 
cesium fluoride led to independent react ion of t he  two components, with 
only small amounts of crossed products.  
CF3CF=CF2 gave c-(CF2CCl2)2 and the th ree  repor ted  d i m e r s  of C3F6, 
the pair  CFC1=CF?1/C3F6 gave 6370 unreacted CFCl=CFCl,  some 
( C3F6)2, and a ve ry  complex mixture  containing 5- 10 components, and 
the pair  CFC1=CFC1/CF3N=CF2 gave a s imi la r ly  complex mixture .  
Reaction of C2F4 with (CF3)2C=CF2 resul ted in a lmost  complete recovery  
of the latter, although some was  evidently incorporated i n  the high 
polymer formed f r o m  the  C2F4 as  this polymer showed a definite melt- 
ing point at 310-315". 
ture o r  at 100" i n  the absence of a solvent gave only CF3N=CF2 d imer  
and  unreacted C2F4. 
Thus,  the pair  CF2=CC12/ 
Reaction of C2F4 with CF3N=CF2 at room tempera-  
In a polar solvent, somewhat different r e su l t s  were  obtained. 
Reaction of C2F4 with an equimolar amount of C S C ( C F ~ ) ~ ,  preformed 
in dioxane, gave principally a liquid of extended boiling range, 50- 150 ", 
accompanied by CF3CF2H and C2F6. 
showed infrared absorption at 1770 cm-', and the l ea s t  volatile par t  at 
1630-1670 cm-'. 
a liquid, par t  of which decomposed when t rea ted  with water and which 
showed inf ra red  absorption at 1500 and 1750 cm-'. 
cer ta inly seem to indicate some s o r t  of interact ion between the com- 
ponents ra ther  than m e r e  independent condensation. 
nea r  50" i s  in  the range to be expected of a Cb compound, while the 
inf ra red  absorption at 1750- 1770 cm- '  is  c lear  evidence of a t e rmina l  
double bond, probably of the type R F C F = C F ~  ra the r  than ( R F ) ~ C = C F ~ .  
It is likely that (CF3),CCF=CF2 and ei ther  (CF3)2NCF=CF2 o r  
The m o s t  volatile par t  of th i s  liquid 
Reaction of C2F4 with CF3N=CF2 in diglyme at 50" gave 
These  r e su l t s  
A boiling point 
CF3CFzCFzN=CFz were  produced in low yield; however, the  react ions 
were  f a r  f r o m  clean, a s  the presence of CzF6 and CzF5H a s  well a s  the 
absence  of nar row distillation fract ions would indicate, and low polymers  
of CzF4 s imi l a r  to those reported by Graham4 were  a l so  produced in  
substantial  amounts.  F o r  practical  purposes,  neither of the proposed 
r ea c ti on s f o r pe rfluo rovin yla tion wa s sati sf acto r y . 
Crossed  react ion of a mixture  of two olefins, each of which was 
i tself  react ive toward ces ium fluoride, led to dramat ica l ly  different 
r e su l t s .  The pa i r s  CF3CF=CF2/CF3N=CF2, (CF3)zC=CF2/CF3N=CFz, 
and ( CF3),C=CFz/CF3CF=CF2 a l l  gave high yields of single products,  
1 : l  adducts of the two reactants ,  with only negligible amounts of the 
self - condensation product of either reactant .  
In advance, the s t ruc tures  of such products seemed easy  to 
predict ;  the m o r e  react ive olefin should preferent ia l ly  f o r m  a carbanion, 
which would then add to the other olefin by an S N ~ '  mechanism,  followed 
b y  double bond migrat ion and conversion of t e rmina l  to internal  un- 
saturat ion.  This  route would give the following s e r i e s  of react ions 
and products:  
CF3N=CFz + (CF3)ZN a [(CF3)2NCFzCF=CFZ] ' ( C F ~ ) Z N C F = C F C F ~  F- - C F  
In actuality, a l l  t h r e e  compounds proved to have s t ruc tu res  jus t  
the r e v e r s e  of those predicted. 
equivocally by NMR spec t ra ,  a r e  given below: 
The c o r r e c t  s t ruc tu res ,  a s  shown un- 
CF3N=CFz t CF3CFzCFZ CF3-7F-CFzN-CF3 
CF3 
7 
. These  r emarkab le  resul ts  indicate that the reactions a r e  com- 
pletely under  thermodynamic ra ther  than kinetic control and therefore  
yield ultimately those s t ruc tures  whose carbanions can be  stabil ized to 
the grea tes t  degree .  Such control demonstrably f avor s  internal,  highly 
branched olefins; in dimerizat ion of C3F6, fo r  instance, the hypothetical 
init ial  product ( C F ~ ) ~ C F C F ~ C F = C F Z  h a s  never  been detected and the con- 
centration of its successo r ,  (CF3)2CFCF=CFCF3, d e c r e a s e s  with t i m e  
as it is converted to the final product (CF3)2C=CFCF2CF3.5 Thermo-  
dynamic control would a l so  favor C=N ra the r  than C=C unsaturation 
s ince the f o r m e r ,  being m o r e  polar,  could be  bet ter  stabil ized by the 
ionic c rys ta l  lattice. 
Thermodynamic control impl ies  a n  equi l ibr ium involving all 
possible reactants  and products. 
equi l ibr ium was obtained by reaction of C3F6 with the d imer  of 
CF3N=CF2, (CF3)2NCF=NCF3, which gave a n  8070 yield of (CF3),CFCF= 
NCF3 and only 570 recovery  of the  original d imer .  
reasonable  explanations of this resul t .  
equi l ibr ium of the azomethine permi t ted  attack of (CF3)2CF- on 
monomer ic  CF3N=CF2 as  it formed,  o r  the (CF3)2CF- carbanion 
attacked the CF3N=CF2 d imer  directly,  causing elimination of (CF&N- 
e i ther  as such o r  as fluoride ion and molecular  CF3N=CF2. These  two 
possibil i t ies are  i l lustrated below: 
Corrobora t ive  evidence for  such an 
T h e r e  a r e  two 
E i the r  a monomer -d imer  
4 
1) (CF3)2NCF=NCF3 + 2 CF3N=CF2 
(CF3)ZCF: t CF3N=CF2 + (CF3)2CFCF=NCF3 t F- 
2) (CF3)2CF- t (CF3)ZNCF=NCF3 + (CF3)ZNCFECF3 
&? ( CF3) 2 
(CF3)ZNCFNCFs -. (CF3)2CFCF=NCF3 t ( CF3)2N- 
I 
CF( CF3) 2 
(CF3)2N- + CF3N=CF2 t F- 
Forma t ion  of the mos t  thermodynamical ly  favored olefin s e e m s  
to be the only explanation f o r  the formation of (CF3)2CFCF=C(CF3)2 
r a the r  than (CF3)3CCF=CFCF3, since the carbanion (CF3)2CF-, which 
would lead to the f o r m e r ,  is much less stablized that (CF3)3C-, which 
8 
would lead  to the latter;:: neverthelss ,  exclusive formation of the f i r s t  
olefin is surpr is ing.  
C. Displacement Reactions of Fluoroanions with Inorganic F luor ides  
and Cyanuric Fluoride 
F o r  th i s  work, CF3CF=CF2 and CF3N=CF2 were  chosen a s  olefins 
and thionyl fluoride and sulfur te t ra f luor ide  a s  e lectrophi les .  
choices were  made  fo r  the following reasons :  
among the most  reac t ive  toward ces ium fluoride,  were  available,  and 
were  relatively inexpensive; the sulfur compounds were  a l so  available 
and inexpensive. In addition, SF4 was known to undergo react ion with 
ces ium fluoride to f o r m  Cs SF5;  th i s  fact  did not guarantee its r e -  
activity toward ( CF3)ZCF- and (CF3)2N- but pointed in  that direction. 
These  reasons  mus t  apparently have seemed equally cogent to other  
invest igators  since the s a m e  compounds were  among those chosen in  
at l ea s t  two other  s tudies .  
These  
the cited olefins were  
t -  
Two ent i re ly  different types of reaction a r e  possible with olefins 
and SF4 o r  SOFZ. 
ta in  positive centers ,  f luoride ion could hypothetically add to e i ther  and 
the anion s o  formed could then at tack the other ,  a s  shown below: 
Since both the olefins and the sulfur compounds con- 
- C F  
SF4 t F- + SF5 SF5CF=CFCF3 
SOFz t F- - SF30- 'f6 SF30CF=CFCF3 
The sa l t s  CsSF5 and CsOSF, a r e  the existence of 
7 CsOSF3 is  unreported although i t  has  been postulated a s  an intermediate .  
It has  been found' in  fluoride-catalyzed react ions between olefins and 
carbonyl fluorides,  where dual possibi l i t ies  a l so  exist ,  that  only the 
second type of react ion shown above occur s ;  ketones a r e  fo rmed  but not 
e the r s .  With the sulfur compounds the second pair  of reac t ions  was 
~~~ 
+ The relat ive acidi t ies  of the respec t ive  conjugate ac ids  (CF3),CFH 
and (CF3)3CH differ by a factor  of lo7 .  
of Carbanion Chemistry,  Academic P r e s s ,  New York, 1965, p. 7 0 . )  
(D. J .  Cram,  Fundamentals  
t he re fo re  probable but not certain.  These were,  in fact ,  the ones 
that  did occur .  
A pre l iminary  sma l l  scale experiment with SOFz and C3F6 a t  
150 O indicated successful  reaction and the formation of two products,  
one boiling near  40 O and one near  78", presumably the 1: 1 and 2: 1 
adducts,  respectively.  La rge r  sca le  runs  gave the following resu l t s :  
TABLE I1 
Reaction of Perfluoropropene with Thionyl Fluoride 
A ppr ox. 
Mole Ratio 












Small  sca le  runs,  conversions approximate 
The f igures  indicate decreasing proportions of the 1: l  adduct 
a s  the C3F6: SOF2 rat io  increased.  The products were  identified by 
the i r  molecular  weight, infrared and NMR spec t ra .  The 1: 1 adduct, 
(CF3)2CFSOF, b. p. 38", was also converted into the sulfinate e s t e r  
( CF3)2CFSOOC2H5 by react ion with ethanol. 
compounds agreed  with those reported by Muettert ies, '  who obtained 
them in low yield by fluoride catalyzed react ion of C3F6 and SF4; 
apparent ly  the SF, contained some SOF,. 
78 O ,  was init ially thought to be the sulfoxide (CF3)2CFS(0)CF(CF3)2,  
but fa i lure  of oxidation to a sulfone and identity of i n f r a red  spec t r a  
revealed that it was in  fac t  the sulfide (CF3)2CFSCF(CF3)2. 
carbon sulfides cannot normally be  oxidized to sulfones. ) It was  
subsequently learned  that  Madison and Mil ler ,  in  unpublished work, l o  
had a l so  studied the C ~ F ~ / S O F Z  reaction and had identified the 2 : l  prod-  
uct a s  the sulfide, although they had not succeeded in  obtaining the 
sulfinyl f luoride.  Apparently reaction of the init ially fo rmed  sulfinyl 
f luoride with additional olefin occurs  as shown below: 
The proper t ies  of both 
The 2: 1 adduct, b. p. 
(F luoro-  
10 . 
8 
(CF3)2CFSOF t (CF3)ZCF- -* ( C F ~ ) Z C F S C F ( C F ~ ) ~  t F- 
(CF3),CFSOF t (CF3)ZCF- -* (CF3)zCFSF t (CF3)ZCFO- 
The sulfenyl fluoride then r eac t s  with m o r e  C3F6 to f o r m  the ob- 
se rved  sulfide, and the perfluoroisopropoxide ion decomposes to hexa- 
fluoroacetone and fluoride ion. 
catalytic amount of ces ium fluoride was used and consequently the 
acetone was isolated a s  such; in the Denver Resea rch  Insti tute work an 
excess  of fluoride was used which retained the acetone as  its ces ium 
f luoride adduct. This  is  a fairly reasonable  explanation of the overa l l  
r e su l t s ,  even though no sulfenyl fluoride was detected by ei ther  group; 
however,  the mechanism proposed by the Dow worke r s  advocates a t tack 
of (CF3)2CF- a t  the oxygen atom of the sulfinyl f luoride,  which s e e m s  
unlikely. Other mechanisms such a s  the one below can a l so  be 
postulated which involve a m o r e  probable a t tack a t  sulfur .  
In the Dow experiments" only a 
19 
(CF3)ZCFSF t (CF3)2C=O + (CF3)2CFS1- C(CF3)2 
I 
F 
The 2: 1 adduct, [(CF3)2CF I2S, was z!so ebtained by react ion of 
(CF3),CFSOF with CF3CF=CF2,  i n  41'7'0 conversion. 
The reaction of perfluoropropene and thionyl f luoride was  not 
par t icu lar ly  clean. A s  shown in Table 11, conversions w e r e  general ly  
only about 40%, appreciable  amounts of C3Fb d i m e r  and higher-boiling 
products  were  formed,  and chromatograms indicated the presence  of 
many other  components in t r ace  amounts.  
f luoride,  on the other  hand, was very  clean; conversions w e r e  high and 
the two adducts w e r e  eas i ly  isolated in  > 95'7'0 purity. 
o r  C3F6 d i m e r s  were  found. 
was  favored, a lmost  7070 being obtained a t  a 2: 1 C3F6:SF4 rat io ,  but the 
1:1 adduct, (CF3)2CFSF3, was obtained in  29'7'0 conversion at a 1:3 rat io .  
The  1 : l  adduct was ve ry  reactive toward mois ture ,  but the 2 : l  adduct 
was  s t rangely r e s i s t an t  to  hydrolysis and could even be s team-dis t i l led.  
Reaction with sulfur t e t r a -  
No high boi le rs  
Conversion to the 2: 1 adduct, [(CF3)2CF]2SF2, 
11 
NMR spec t ra  agreed  with those reported by Muettert ies '  and supported 
the assigned s t ruc tu res  fo r  the two compounds. 
No addition occur red  when CF3N=CF2 was substi tuted for  pe r -  
It is  a lmost  cer ta in  that the azomethine w a s  completely 
fluoropropene in react ion with e i ther  sulfur te t raf luoride o r  thionyl 
fluoride.  
d imer ized  before tempera tures  high enough for  reaction with the sulfur 
compounds were  reached, but sma l l  amounts of monomeric  azomethine 
should have become available through the equilibrium previously d is -  
cussed.  
to a t tack the S=O bond in  thionyl fluoride o r  the sulfur a tom in sulfur 
te t raf luoride.  Reaction of SF4 with CF2=CF2 gave only Teflon (again, 
some  of a second component must  have been incorporated s ince the 
polymer mel ted  nea r  3 10 ") and unreacted s ta r t ing  ma te r i a l s .  
Evidently the (CF3)ZN- anion is not a s t rong enough nucleophile 
Previous  work in th i s  labora tory  h a s  shown that CF3CF=CF2 
r e a c t s  with cyanuric fluoride in the presence  of ces ium f luoride to 
f o r m  1: 1, 2: 1, and 3 :  1 adducts in  good yields. The p resen t  p rogram 
h a s  extended this  react ion to the use  of CF3N=CF2, resul t ing in the 
compounds shown below: 
With a 5: 1 mole  rat io  of (CNF)3 to CF3N=CF2, conversions to 
the mono-,  bis- ,  and tris(perfluorodimethy1amino) compounds w e r e  
respect ively 19, 29, and 16%. This  ra t io  could presumably be a l t e r ed  
by varying the reac tan t  mo le  rat ios ,  a s  was the c a s e  with the C,Fb/(CNF), 
sys tem,  and the yields of the pure compounds could be r a i sed  by m o r e  
efficient separat ion.  
Attempts to extend this alkylation react ion to hexafluorobenzene, 
both with and without a solvent, were  completely unsuccessful.  
f luorine a toms in C6F6 a r e  known to be much less reac t ive  toward 
nucleophiles than a r e  those in  cyanuric f luoride.  
been reported that the somewhat m o r e  reac t ive  nitropentafluorobenzene 
and perfluoropyridine can be alkylated by perfluoropropene. 
The 
It has  v e r y  recent ly  
1 2  
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EXPERIMENTAL 
Ces ium fluoride was  purchased f r o m  the Amer ican  P o t a s h  and 
Chemical  Co. 
Peninsular  ChemResearch;  the azomethine was  m a d e  by pyrolysis  of 
( CF3)2NCOF'3, which was  synthesized by electrochemical  fluorination 
at Denver Resea rch  Insti tute.  
All olefins except CF3N=CF2 w e r e  used as obtained f r o m  
Relative react ivi t ies  of olefins. - Each  olefin l is ted in Table  I, 
0 . 0 5  mole ,  measured i n  a cal ibrated vacuum sys tem,  was  condensed 
into a small Monel bomb containing 10 g. (0 .07 mole )  of ces ium f luoride 
previously dr ied  fo r  five hours  a t  400". After heating under the  con- 
dit ions shown, the olefin was pumped off and re turned  to the same cali- 
b ra t ed  volume. The  drop  in p r e s s u r e  was  regarded  as  a m e a s u r e  of 
react ion and, where the extent of react ion was  la rge ,  the olefin was 
recovered  by fractionation. 
With the chloroolefins, react ions o ther  than condensation w e r e  
effected by the cesium fluoride, and an  es t imate  of halogen exchange 
w a s  obtained by t i t ra t ing a n  aliquot of the residual  catalyst  mass f o r  
chlor ide ion. Compounds formed by p rocesses  involving halogen ex- 
change w e r e  not identified. 
Codimerizations.  - Either  the appara tus  and quantities de scr ibed  
above o r  about 0 .  2 mo le  of reactants  in  a l a r g e r  bomb containing 50 g. 
(0. 35 mole)  of ces ium fluoride w e r e  employed. 
(CF,)zCFCF=NCF,, - Perfluoropropene, 15 g. (0.  1 mole) ,  and 
CF3N=CF2, 13 g. (0 .  1 mole) ,  were  heated in the l a r g e r  bomb f o r  6 days  
at 170- 180 '. After cooling, the bomb was continuously evacuated f o r  
s e v e r a l  hour s  and the condensate so obtained was  fractionated to give 
2 2  g. of product, b. p. 28-31" (flat 29")) o r  7970 of theory.  A chroma-  
t o g r a m  showed > 99. 570 purity. 
The  product was identified as  (CF3)CFCF=NCF3 on the b a s i s  of 
the  following information. 
f r a r e d  spec t rum agreed  well w i t h  those of the known d i m e r s  
(CF3N=CF2)2 (b. p.  34") and (C3F6)2 (b. p.  39").  Inf ra red  absorpt ion f o r  
the double bond appeared  at 1765 cm-'. , compared  to 1760 for  (CF3)2 
NCF=NCF3 and 1750 fo r  cis-(CF3)2CFCF=CFCF3 ( t r a n s  
(CF3)2CFCF=CFCF3,  the m o r e  common fo rm,  shows no C=C absorpt ion);  
this indicated an internal  C=N bond. 
Neither the boiling point ( 2 9 " )  nor  the in- 
. NMR. The  NMR spectrum showed four peaks, area ra t ios  
6:3:1:1, at 74. 5, 59. 9, 17 .  3, and 191 ppm. respect ively (CFC13 
reference) .  These  are  reasonable chemical shifts for CF3-CF, 
CF3-N, - CF=N, and (CF,),CFCF-, - respectively.  The al ternat ive 
formula  ( CF3),NCF=CFCF3 would requi re  transposit ion of the observed 
chemical  shifts for  the six-fluorine peak and the three-fluorine peak. 
. -  
- 
(CF3)3CCF=NCF3. - Perfluoro-2-azapropene, 5. 2 g. (0 .04  mole) ,  
and perfluoroisobutene, 7. 9 g. (0 .04  mole) ,  w e r e  heated in a smaller 
bomb fo r  six days at 170-180'. 
9 .0  g. of product, b .p .  51-53' (most ly  52-53"). Since 3 .6  g.  of un- 
reac ted  olefins w e r e  obtained, the  yield was at least 95% and the 
conversion 69%. 
Fract ionat ion of the crude  product gave 
Chromatographic purity was > 9970. 
The  product was  identified as  (CF3)3CCF=NCF3 on the bas i s  of 
the following information. The mol .  wt. was 326, calc. fo r  CF3N=CFZ: 
C4F, 333, (CF3N=CF2), 266, (C4F8), 400. Infrared absorption fo r  the 
double bond appeared at 1760 cm-', compared to 1760 fo r  (CF3)2 
NCF=NCF3, 1765 f o r  (CF3)zCFCF=NCF3, and 1690 fo r  
( CF3),C=CFCF2CF3; this indicated a n  internal  C=N bond r a the r  than 
a C=C bond. 
NMR. The NMR spectrum showed th ree  peaks, area ra t ios  
9:3: 1, at 6 2 .  1, 56.4,  and 5.6 ppm. These  a r e  reasonable  chemical  
shifts for  (CF3)3C-, CF3-N-, and -CF=N-,  respectively.  The  al ternat ive 
formula,  (CF3),NCF=C(CF3),, would r equ i r e  a 6:3:3: 1 distribution with 
the six-fluorine peak nea r  56 ppm. region. 
(CF3)2CFCF=C(CF3)z.  - Perfluoropropene, 7. 5 g. (0 .05 mole) ,  
and  perfluoroisobutene, 10 g.  (0 .05  mole)  w e r e  heated in  the smaller 
bomb for  six days at 170- 180 '. 
2. 5 g. of unreacted olefins, mostly iso-C4F8, and 14. 5 g. of product, 
b .p .  58-64' (flat 63. 5"),  f o r  a yield of at least 95% and a conversion 
of 83%. 
Fractionation of t he  c rude  product gave 
The  product was identified as  (CF3)2CFCF=C(CF3)2 on the bas i s  
Infrared double bond absorption appeared  of the following information: 
at 1680 crn-' compared to 1690 for  (CF3)Z=CFCFZCF3 and 1750 for  
cis-(  CF3),CFCF=CFCF3; this indicated an  internal  C- C double bond of 
the  type -CF=C(RF),  r a the r  than -CF=CF- .  
13 
NMR. The NMR spectrum showed five peaks, area ra t ios  
6:3:3: 1: 1, at 74.4,  59.4, 55.3, 95, and 183 ppm.,  respectively.  These  
values a r e  consonant with those known for  
-C_F-C-, and -CF=C- .  - The alternative formula,  (CF,),CCF=CFCF,, 
would requi re  four peaks in a 9:3:1:1 rat io .  
(C_E3) ,CF-, ('CF3),C=, - 
(CF,),CFSOF and [ ( C F 3 ) 2 C F ] s .  - Perf luoropropene,  25 g. 
(0. 17 mole)  and thionyl fluoride, 19 g. (0.  2 2  mole) ,  were  heated in the 
l a r g e r  bomb for  1 7  hr .  at 150'. The bomb was continuously evacuated 
fo r  one hour and the condensate s t r ipped through a shor t  low-temperature  
column; 14. 5 g. of unreacted ma te r i a l  was recovered.  
the residue gave 15. 0 g. of (CF,)zCFSOF, b .p .  38-39",  and 19. 5 g. of 
[(CF3)ZCF]zS, b. p. 76-78", f o r  conversions of 3470 and 4470, r e spec -  
t ively.  
amount of CF3CF=CF2 d imer  which could be removed only by gas  
chromatography . 
Fractionation of 
The sulfinyl f luoride so obtained always contained an  appreciable  
The sulfinyl f luoride was identified on the bas i s  of i t s  molecular  
weight (near  230 after correct ing for  (C3Fb)Z content, ca lc .  value 236), 
i n f r a red  spectrum, NMR spectrum, and conversion t o  the known ethyl 
e s t e r ,  b. p .  123", 1.3380. The spec t r a  and physical constants of 
the sulfinyl f luoride and sulfinate ester ag reed  with those of Muet ter t ies .  
The ester decomposed slowly on standing at room tempera tu re .  
The sulfide was identified by its molecular  weight and the co r -  
respondence of its in f r a red  spectrum with that  of the same  compound 
given in the l i t e r a tu re .  14 
(CFJ2CFSF3 and [(CF3)2CF!$3F2. - Perf luoropropene,  11.6 g .  
(0. 08 mole)  and sulfur tetrafluoride,  25 g. (0. 23 mole) ,  were  heated in  
the  l a r g e r  bomb f o r  9. 5 h r .  at 150".  
evacuation, the condensate was s t r ipped through a shor t  low-temperature  
column. Only a small amount of m a t e r i a l  consisting of SOFz and SiF, 
was thus obtained, as excess  SFa was retained by the ces ium f luoride.  
Fractionation of the  residue gave 7. 0 g. of (CF3)LCFSF3, b. p. 38-40', 
and 20.0 g. of [ (CF3)zCF]sF2,  b .p .  38-40",  f o r  conversions of 2970 
and 61% respect ively.  
graphically.  Mol. wts .  f o r  the two compounds agreed  with calculated 
values and NMR spec t r a  duplicated those obtained by Muettert ies.  
After four  hours  of continuous 
Both compounds w e r e  > 9570 pure  chromato-  
Perfluorodimethylamination of cyanuric f luoride.  - Cyanuric 
fluoride,  10 g. (0. 075 mole) ,  and perf luoro-2-azapropene,  20 g. 
(0. 15 mole) ,  w e r e  heated at 110" for  26 hours  in the l a r g e r  bomb, then 
continuously evacuated fo r  s ix  hours .  The res idua l  m a t e r i a l  was 
ext rac ted  with two 25 ml. portions of F r e o n  113,  the solvent was re -  
moved, and the liquid residue combined with the condensate f r o m  the 
evacuation. Fractionation gave, i n  addition t o  intercuts ,  3 .  8 g. of the 
mon-subst i tuted compound, 8. 5 g. of the disubsti tuted compound, and 
4 . 3  g. of the t r isubst i tuted compound, all at l ea s t  88% pure,  for  con- 
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